INTRODUCTION
============

Appendicitis remains the most common acute surgical condition of the abdomen and is also the most commonly misdiagnosed \[[@B1]\]. About one third of patients with appendicitis are younger than 18 years of age. Younger children typically present with complicated appendicitis due to their inability to provide accurate histories and typically low indexes of suspicion that lead to misdiagnosis \[[@B2]\].

Complicated appendicitis is closely related to wound infection, intraabdominal abscess formation, postoperative intestinal obstruction, prolonged ileus and rarely, enterocutaneous fistula. In females, it has been associated with fallopian tube dysfunction, leading to infertility \[[@B3]\]. Because of high morbidity of complicated appendicitis, careful diagnosis and prompt treatment is imperative.

The accuracy of diagnosing acute appendicitis has greatly improved with the introduction of computed tomography \[[@B4]\]. However, physicians should be cautious in the use of computed tomography (CT) for pediatric patients due to reports of long term adverse effects \[[@B5],[@B6]\].

We conducted this study to investigate the diagnostic significance of common laboratory markers in children with complicated appendicitis.

METHODS
=======

A total of 421 patients aged 15 or younger underwent surgical treatment for acute appendicitis from September 2003 to October 2011 at Wonju Christian Hospital. A retrospective analysis was completed by reviewing medical records.

Patient sex, age at surgery, and preoperative laboratory markers (white blood cell \[WBC\], C-reactive protein \[CRP\], bilirubin, aspartate aminotransferase \[AST\], and alanine aminotransferase \[ALT\]) were recorded. Hyperbilirubinemia was defined as total bilirubin \>1.0 mg/dL. Normal values were defined as follows: WBC 4.4 to 10.0 × 10^3^/µL, CRP \< 0.5 mg/dL and AST, ALT \<40 U/L.

All patients were classified into either simple or complicated appendicitis groups based on postoperative histology. Complicated appendicitis was defined as a gangrenous and/or perforated appendicitis. Many terms have been used to describe the varying stages of appendicitis, including acute appendicitis, suppurative appendicitis, gangrenous appendicitis, and perforated appendicitis. These distinctions are vague, and only the clinically relevant distinction of simple and complicated appendicitis should be used. We use the term \'complicated\' appendicitis to describe both gangrenous and perforated appendicitis \[[@B7]\].

Statistical analysis
--------------------

We conducted all analyses using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). The mean values, SDs, ranges, and P-values were calculated for sex, age at operation, WBC, CRP, bilirubin levels, AST and ALT with Pearson\'s chi-square test. Sensitivity, specificity, positive predictive value and negative predictive value were calculated for WBC, CRP, bilirubin and age at operation. Hazard ratios (HRs) were calculated for WBC, CRP, bilirubin and age at operation through binary logistic regression after multivariate data analysis. A P-value ≤ 0.05 was used to indicate statistical significance.

RESULTS
=======

Of the 421 patients included in our study, there were 256 males (61%) and 165 females (39%). Of these, 270 patients (64%) were diagnosed with complicated appendicitis. There were no significant differences between sexes (P = 0.869).

The mean ages at operation were 10.3 years (SD, ±3.1; 2 to 15 years) and 9.2 years (SD, ±3.3; 2 to 15 years) for the simple and complicated groups, respectively. The ages of the patients in the complicated appendicitis group were significantly lower than in the simple group (P = 0.005).

Mean bilirubin levels were 0.9 mg/dL (SD, ±0.6; 0.1 to 4.0 mg/dL). Bilirubin levels were 0.8 mg/dL (SD, ±0.5; 0.1 to 3.8 mg/dL) and 0.9 mg/dL (SD, ±0.6; 0.1 to 4.0 mg/dL), in the simple and complicated groups, respectively, with the complicated group exhibiting significantly higher levels (P = 0.002). Bilirubin showed the highest specificity in diagnosing complicated cases at 75% compared to WBC (19%) and CRP (35%).

Mean WBC was 16.4 × 10^3^/µL (SD, ±5.2; 3.1 to 32.0 × 10^3^/µL) for all patients. Mean WBCs in the simple and complicated groups were 14.6 × 10^3^/µL (SD, ±4.9; 3.1 to 30.7 × 10^3^/µL) and 17.4 × 10^3^/µL (SD, ±5.1; 3.3 to 32.0 × 10^3^/µL), respectively, with significantly higher levels in the complicated group (P \< 0.001).

CRP levels were assessed preoperatively in 307 patients. The mean CRP was 6.2 mg/dL (SD, ±7.9; 0 to 47.5 mg/dL). For the simple and complicated groups, the mean CRPs were 3.2 mg/dL (SD, ±4.9; 0 to 24.0 mg/dL) and 7.7 mg/dL (SD, ±8.7; 0 to 47.5 mg/dL), respectively. CRP levels were significantly higher in the complicated group (P \< 0.001). The sensitivity for CRP in the diagnosis of complicated appendicitis was 86%, while the specificity was 35% ([Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}).

No significant differences in AST or ALT levels were seen between the two groups (P = 0.653, 0.742).

No correlations between elevated bilirubin levels and AST or ALT levels was seen (P = 0.064, 0.111 by Pearson\'s correlation coefficient).

Binary multiple logistic regression analyses were conducted for age, WBC, CRP and bilirubin levels to assess the HR of these parameters. The risk of complicated appendicitis is decreased to almost half for children ten years and older (HR, 0.51; 95% CI, 0.30 to 0.86).

Patients with CRP levels higher than 0.5 mg/dL had a 2.53 times greater risk of complicated appendicitis than patients with CRP levels less than 0.5 mg/dL (HR, 2.53; 95% CI, 1.38 to 4.65). Patients with bilirubin levels greater than 1.0 mg/dL had a HR of 2.04 compared with those with bilirubin levels less than 0.6 mg/dL (HR, 2.04; 95% CI, 1.09 to 3.82). Patients with WBC greater than 10.0 × 10^3^/µL had a HR of 2.42 compared with patients with WBC under 10.0 × 10^3^/µL (HR, 2.42; 95% CI, 1.07 to 5.46) ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

Despite being the most common surgical emergency, acute appendicitis is often misdiagnosed, with negative appendectomy rates reported between 10 to 30% \[[@B1]\].

Morbidity following complicated appendicitis includes bacterial peritonitis, urinary disorders, small bowel obstruction and intra-abdominal abscesses, all of which are associated with poor postoperative outcomes. A careful history taking and thorough physical examination by a physician are essential in diagnosing appendicitis. Our results confirmed that the risk of complicated appendicitis was nearly two times greater in patients younger than 10 years old compared to patients 10 years and older. Evidently, there is a need for more objective and accurate measures for diagnosing appendicitis in children.

Even with recent advances in imaging, no single test can accurately diagnose perforation or gangrenous changes of the appendix. Common studies such as CT should also be used with caution in children because of the potential risks of radiation \[[@B5],[@B6]\]. There have been several studies of the diagnostic value of separate laboratory markers such as WBC \[[@B8]\], CRP \[[@B9]\] and bilirubin \[[@B10]\], but without definite results. Our study is the first to evaluate different markers together in a single study.

Our results show that WBC and CRP are highly sensitive markers in the diagnosis of complicated appendicitis in children and bilirubin is a marker with high specificity. Patients with elevated WBC, CRP and bilirubin levels were found to have a 2.0 to 2.5 times increased risk of complicated appendicitis.

While WBC and CRP elevation are more common indicators of inflammation, there has been new attention paid to bilirubin, which is often overlooked in the diagnosis of acute appendicitis \[[@B10]\]. Many studies have been conducted on hyperbilirubinemia resulting from cholestasis commonly found in septic conditions \[[@B11],[@B12]\]. Proinflammatory cytokines and nitric oxide inhibit hepatocellular bile formation. The impaired flow in the small and large bile ducts also contributes to cholestasis.

As stated in our introduction, younger children typically present with complicated appendicitis due to their inability to provide accurate histories and typically low indexes of suspicion that lead to misdiagnosis. This is consistent with our study findings. Children younger than 10 years old had two times higher risk for developing complicated appendicitis ([Table 3](#T3){ref-type="table"}). Objective markers and an adequate analysis of these markers is needed to create a normogram that will assist in the accurate diagnosis and treatment of this high risk group. There have been previous attempts at creating a diagnostic appendicitis scoring system based on certain clinical symptoms, signs and laboratory markers; however, there are few scoring systems that are currently applicable in children \[[@B13]-[@B15]\]. The majority of these scoring systems emphasize clinical variables (e.g., anorexia, nausea, pain migration) with laboratory markers given little or no weight \[[@B16]\]. In the younger pediatric population, there are limitations to analyzing clinical variables, lowering the validity of these scoring systems.

In conclusion, the results of our study confirmed that WBC, CRP and bilirubin levels have diagnostic significance in complicated appendicitis. Elevated WBC and CRP had the highest sensitivity and risk for complicated appendicitis, leading to a 2.5 times greater chance for complicated appendicitis. Bilirubin levels had the highest specificity for diagnosing complicated appendicitis, leading to a 2.0 times greater chance for complicated appendicitis in patients with elevated levels.

We expect further studies to validate the use of these markers in an appendicitis scoring system for children.
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Details of laboratory values, epidemiology of the two groups
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Values are presented as mean ± standard deviation (range).

WBC, white blood cell; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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Sensitivity, specificity, PPV, NPV for WBC, CRP, bilirubin
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PPV, positive predictive value; NPV, negative predictive value; WBC, white blood cell; CRP, C-reactive protein.

###### 

Hazard ratio (HR) of age, CRP, bilirubin, WBC
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CRP, C-reactive protein; WBC, white blood cell; CI, confidence interval.
